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property-structure solubility relationships
 ILs for energy efficient gas separations

* Summary



be used as solvents

 Demonstrated successes as reaction solvents (olefin dimerization,
metathesis, isomerizations, Diels-Alder, Friedel-Crafts alkylations and
acylations, hydrogenations, C-C coupling)

e JIonic liquids have vanishingly low vapor pressures
— fugitive emissions not a problem
— worker exposure less likely
— flammability danger decreased
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Not all ILs created equal (viscosity, T, , toxicity, PF, and BF, anion degradation)



* Solubility of CO,, N,, SO,, NO,, H,O 1n ILs vitally
important

 First discovered high CO, solubility in ILs when
using SC CO, to extract solutes from ILs (Blanchard et al.,
Nature, 399, 1999, 28)

« Have measured gas solubilities 1n various
imidazolium, quaternary ammonium, phosphonium,
pyrrolidinium and pyridinium ILs
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Fluorinated anion

Chemical absorption

Mixture

SO, vs. CO, solubility results
Solubility comments



X
{ON

/N N N\
C,H, CH,

[bmim] [X]

DCA = (CN),N
TfO = CF,SO,

TE,N = (CF,S0,),N
Methide = (CF,S0,),C

Mole Fraction Co,

CO, Solubility .. s 8
e O % %
0.6 -
LT é Y : @
3 % g
S
0.4 - I 3 li’
4
i ] & [bmim][DCA]
° v [bmim][TfO]
02 - v o [bmim][BF,]
$ A [bmim][PF,]
v @ [bmim][Tf,N]
T=40°C @  [bmim][methide]
0.0 T T T T T T
0 20 40 60 80 100 120

Pressure (bar)

140

Aki et al., J. Phys. Chem. B, 108(52), 2004, 20355




(CF,SO,),N

[bmim][Tf,N]

Mole Fraction Co,

0.7

0.6

0.5 A

0.4

0.3 A

O  [bmim][Tf,N] - 450 ppm H,O
@ m [bmim][Tf)N] - water saturated

0.2

10 20 30 40 50 60

Pressure (bar)

70

Aki et al., J. Phys. Chem. B, 108(52), 2004, 20355




H

(CF,SO,),N"
4O\

N
R/ o N\CH3

[Rmim][Tf,N]
. L
lIm i

P=xH

Mole Fraction Co,

<» mO

«» mO
<» EHO

<> mO

0.2 1
B

ol ¢ O  [CyH,F,,mim][TE,N], H=27.3 bar
B [CH,F,mim|[T£,N], H=28.5 bar
A [hmim][Tf,N], H=31.6 bar
v [bmim][T£,N], H=33.0 bar

0.0 & ' . . .

0 4 8 10 12

Pressure (bar)

14




[hmim][eFAP]

\—/
[bmim][PF]

[hmim][T£,N]

4 > o m <

[psmim][bFAP], H=20.2 bar

[hmim][pFAP], H=21.7 bar
[hmim][eFAP], H=25.2 bar
[hmim][Tf,N], H=31.6 bar

[bmim][PF ], H=53.4 bar

Mole Fraction Co,

no

nd

m<

8o

5o

T=25°C

O
=
[ ]
8
&
[ ]
& &
*
° >
& -
’
,-
T T
2 4

Pressure (bar)

10

12

FAP samples were a gift from Merck KGaA




@ [bmim][acetate], H=4.8 bar
® [hmim][lactate], H=11.2 bar
A [hmim][Tf,)N], H=31.6 bar
[hmim][Tf,N] s :
@ i
= o g 0.15
+
NSNS =
\—/ 0" CHg S
. =2
[bmim][acetate] L 0.10 A *
9 =
\N&Kl/\/\/\ \HJ\O— [}
\=/ OH 0.05 +
[hmim][lactate] A
([ J
A
0.00 #-a4A : : : :
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Pressure (bar)




e [TMG][NO,]+[hmim][Tf,N], H=21.8 bar
¢ [psmim][bFAP], H=20.3 bar
@ [hmim][Tf,N], H=31.6 bar
N U I A IS
\—/ F3C—E—N—§—CF3 o . . |
. =
[hmim][Tf,N] 2 010 - o
s
- = .
N I G ®
\N/C—NHZ O_,N\O_ S o g
e 0.05 + <
°
[TMGI[NO,] g
o 3 T=25°C
8
0.00 &2 : : .
0 1 2 3 4
Pressure (bar)




m CO, H=31.6bar
® SO, H=1.65 bar
[
O O g
2 oo
[hmim][Tf,N] | S 061
=
S
9 ®
&3
O 0.4 7
©
= o
[
0.2 -
|
o - -
- |
0.0 G T T T
0 1 2 3 4
Pressure (bar)




\] \| . P.
\—/ CaFs” |\04F9
F

Potentially H~15 bar for fluorinated anion AND cation

Higher carrying capacity for chemical complexation; e.g.,
[bmim][acetate], H=4.8 bar

Tt,N ILs water immiscible
TMG ILs very promising
ILs will remove SO,, as well, in single step



— Evaluate economic feasibility

— Determine targets for IL properties to meet DOE CO,
capture cost goals

e Method

— Use IL/CO, test data

— Estimate capital and operating costs

— Overall systems economics using NETL guidelines
— Determine sensitivity to key process variables



— USC SImall amount o

— Solution/diffusion mechanism
— Good long term stability; no evaporation

e [hmim][T1,N] being tested in supported liquid membrane
configuration at NETL for flue gas cleanup

* Better application may be removal of CO, from syngas in
IGCC power generation

— High pressure



as solubilities vary significantly
Fluorination increases CO, solubility

Higher carrying capacity obtained through chemical
complexation

Simultaneous removal of CO, and SO,

ILs currently being tested for flue gas cleanup in supported
liquid membrane contactor

Potential for other energy efficient gas separations
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